The methods of calculation developed by the author and co-workers for multicomponent distillation systems, especially for nonideal systems, are reviewed. First, the degree of freedom of multicomponent distillation is presented for a conventional distillation column and for a system of extractive distillation columns. The method of group relaxation is described for a complex distillation column with multi-feeds and multi-side streams. The method is further applied to a system of extractive distillation columns. Finally, researches made by the author and co-workers on the vapor-liquid equilibria, which are indispensable for calculations of distillation systems, are briefly reviewed.
Introduction
The rate, composition, temperature, and pressure of a feed should be defined, so 1+(m-1)+1+ 1=m+2 should be reduced from the degree of freedom. Further, the pressure of every part of the column should be given, so n1+n2 for every plate, 1 for distillate, 1 for reflux, 1 for bottoms, and 1 for reboiler vapor should be subtracted.
The remaining degree of freedom becomes: (10+m+n1+n2)-(m+2)-(n1+n2+4)=4. The simplest and, usually; the best way to fulfill 4 degrees of freedom is to give the number of plates of each section of column(n1 and n2), reflux ratio (R), and flow rate of distillate (D The degree of freedom of a system of extractive distillation columns =NV-NR=(65+13m+(n1+n2+n3+n4 +n5)(2m+8))-(39+11m+(n1+n2+n3 +n4+n5)(2m+7))=26+2m+n1+n2+n3 +n4+n5 The rate and composition of a feed should be defined, so m should be reduced from the degree of freedom. Further, the pressure of every part should be given, so n1+n2+n3+n4+n5 for every plate, 9 for every stream, 2 for both refluxes and 2 for both reboiler vapors should be subtracted. The number of degree of freedom then becomes 26+2m+n1+n2+n3+n4+n5-m-(n1+n2+n3+n4+ n5+9+2+2)=13+m.
The simplest and usually the best way to fulfill these degrees of freedom is to give:
Number of plates of each section in both columns (n1, n2, n3, n4, n5 Each stage in the model column is assumed to be an ideal equilibrium stage, that is, the composition of the liquid on the stage is identical with that of the liquid leaving the stage, and the vapor leaving the stage is in equilibrium with the liquid leaving the same stage. Fig. 4 shows such an ideal stage.
Derivation of Basic Equations
The material balance for component i around where qr is the liquid fraction in the feed to r-th stage.
Step 2. Assume temperature, liquid composition, and group relaxation factors. Step 3. Evaluate vapor composition, ykij, which is in equilibrium with the liquid composition, xkij, by use of the vapor-liquid equilibrium relations. Step 4. Solve the material balance equations for xk+1ij by Eqs. (6), (7) and (8) position in the recycle stream. The amount of the make-up solvent is determined by the overall material balance of the system. By using the corrected recycle stream composition, the first column is reevaluated. This sequence is continued until the calculated composition of the recycle stream does not exceed the tolerance of errors. When the changes in the vapor and liquid flow rates in the column are to be considered, these flow rates are corrected by using the enthalpy balance equation around each stage of the column.
Numerical Example 2
In this example, methanol and acetone are to be separated by use of an extractive distillation system consisting of two columns and using water as a solvent. The system of methanol and acetone forms a minimum boiling azeotrope at 80mole% acetone, but the addition of water as solvent increases the relative volatility of acetone until the azeotrope is destroyed.
Column 1 (extractive distillation column) has 15 stages including a total condenser and a reboiler. A saturated liquid feed, whose composition is acetone: 0.72, methanol: 0.18 and water: 0.10, is introduced to the 10th stage at a rate of 100moles/ unit time. A saturated liquid solvent of 200 moles is fed at the 5th stage of column 1. The top distillate rates of column 1 and column 2 are 75 moles and 28 moles, respectively. The reflux ratios are set at R1=3.0 and R2=4.0. 225 moles of the bottoms of column 1 is fed at the 5th stage of column 2 (solvent recovery column), which has 10 stages including a total condenser and a reboiler. The make-up solvent(3 moles from the total material balance), whose composition is acetone: 0.02, methanol: 0.03 and water: 0.95, is added to the bottoms of column 2. Calculation is made assuming constant molar rates of liquid and vapor in each section. For the first trial the liquid composition of each stage in column 1 is equal to the average composition of feed and solvent and the composition of solvent is assumed to be equal to the composition of make-up solvent.
The calculated results of liquid composition profile in both columns are shown in Fig. 6 .
Vapor-Liquid Equilibria
When calculations described above are carried out on multi-component distillation system, the most important factor to be considered is the vaporliquid equilibrium of the system to be distilled. It is most desirable that the observed data are available for the whole system. Several methods for measuring vapor-liquid equilibria and data observed by us were presented in the following articles: (7, 9 to 15, 17, 19 to 21, 23 to 25, 32). In our book34), "Computer Aided Data Book of VaporLiquid Equilibria", we compiled data for about one thousand binary systems. Data for each system are assembled onto one page. For 800 systems, the tables include the original experimental data for vapor and liquid compositions and boiling temperatures, Antoine vapor pressure constants of the components, optimized values of the Wilson's activity coefficient equation, errors and x-y diagrams for the systems. Wilson's equation was selected because of its accuracy and ease of application to multicomponent systems. However, for other 133 systems, whose vapor-liquid equilibria were mainly under high pressures, where Wilson's equation cannot be used, the modified Redlich-Kwong equation of state was used for estimation of the vapor-liquid equilibria.
If there are no experimental data of vapor-liquid equilibria available, it is necessary to estimate them by either using the equation of state or using the atomic group solution theory. On these problems we have discussed in the following articles: (8, 16, 18, 26 to 31, 33) 6. Conclusion
The methods of calculation developed by us for multicomponent distillation systems were reviewed. First, the degree of freedom of multicomponent distillation was presented for a conventional column and for a system consisting of extractive distillation columns. The method of group relaxation was described for a complex column with multi-feeds and multi-side streams. The method 
